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Abstract ing this mode only. Thus the wake field consists of one

The wake fields due to the rough surface of the vacuur%Ingle mode runnmg syr_whronpus with the bunch (Fig 1).
chamber have a major influence on the beam dynamics inThe model of a thm dielectric layer can be employed to
Linear Colliders and Free Electron Lasers. These WakeeStImate the wake fields [1]. N

fields mainly consists of the fundamental tube mode, mod- In the mon(_)pole casém = 0) an estimation for the
ified by the rough boundary condition, which decrease¥2V® number is ) 4

its phase velocity to the speed of light. Its wavelength kg =f- > (1)

is proportional to the square root of the tube radius and

the roughness depth and is comparable to the FEL bunchwherea the tube radius andl the rms thickness of the
length, i.e. in the order of 10-30 micron. To study thisurface roughness. The factprreflects the influence of
effect with the beam available at the TESLA Test Facilthe roughness shape and its size in comparison to the wave
ity (TTF) the use of tubes with an artificially increasedength of the rough tube mode. Itis in the order of 1. These
roughness is suggested. The expected pulse power of thegéameters mainly influence the frequency. It does not de-
wakes, caused by the 250 micron bunch carrying a char§&nd on any periodicity of the roughness, if the number of
of 1 nC, can reach up to several MW. In this paper a prelinfoughness bumps per wavelength of the rough tube mode
inary design of an installation of a surface roughness watg sufficiently large. The longitudinal wake function is

field experiment at the TESLA Test Facility is presented. V4
w(l)l(s) = T:s cos(kgs) - e~a(W)s (2)
m

1 INTRODUCTION using the impedance of free spa€g = +/puo/c0. ¢

The conservation of a small emittance is a major requirt%—enOtes the speed of light. The aftenuauofs a func-

ment for the feasibility of the experiments in Linear Col- ion of the tube lengtld and of the roughness shape. The

liders, especially for the FEL. As the bunch length be\—Nake amplitude is inversely proportional to the waveg-

comes very short, the contribution of the surface roughnef’édeS crass-section The dipole case can be described simi-

wake fields is not negligible anymore. The longitudina arly. Thf dipcl)(le fv_velllge Iftield haﬁttr(;e s_a|:[ne_ frequ&lancy as t_he
wake fields increase the energy spread, while the transveggmpO € wla ene 2 S ampliitude 1S twice as large as in
dipole wake fields increase the bunch tails offset from th € monopole case [2].
axis.

But even for longer bunches, in synchrotrons or damping.1  Development of the Wake Field Pulse
rings, the roughness wake fields might have an influence
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on beam dynamics. They are suspected to cause sawtooth 7 Sharae distrbuton
. g 700 e LA AR AR RN —901
instabilities [4]. w00 I TR 1 1=221.8 mm

However the model used do describe the surface rough- 500 | ; Taigggogng(_slo -
ness wake field effect [1, 2, 3] has to be verified by mea- 400 \ Wet1ofexp(sn-

-600
-700

= 300 | w=110 Xp(-5/1:4)
surements. S 200 f ‘ \{W=s0g'e p““;/
S o -\ W=74pexp(-s17.9).

S

2 SURFACE ROUGHNESS WAKE g -100 F

2 -200

FIELDS £ 300 F

-400 |

Due to the small corrugations at the beam pipe the funda- -500 -
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mental mode in the tube is slightly modified. By this means
its phase velocity is decreased to the speed of light at a very
high frequency. Its group velocity is very close to the speed

of light but does not reach it. No mode with a higher radial_. o '
dependency experiences the same [3]. The bunch is exaclli—‘,ggure 1: Time development of the the rf-wake field pulse

created by 50um bunch in a tube with 5mm radius and
* Email: timm@temf.tu-darmstadt.de an rms roughness depth &ium.
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The normalized wake amplitude stays constantinside the iy 3 shows the normalized energy spread and loss fac-
Bunch. The rf-pulse Ieljgth is increasing proportional Qo The wave numbek, is a property of the beam pipe
the tube length. Accordingly the pulse power of a roughgply within the range of validity of the model, i.e. the
ness wake pulse in a given tube is constant too, while i{gnch length has to be larger than the average distance be-
average power is increasing. The attenuation is inversefyeen roughness peaks. For larger valuekyof. the loss
proportional to the tube length (Fig. 1). factor becomes rather small, but the energy spread is still

400 prerreereer RAaaaRARA RARARRASS ARRARARSS IRARAARARS RAaanaans RRRARARN not negllglble

350

2.3 Wake Fields in Waveguides with Different

300 - — L=0.2667839E+02 mm| | Apertures
250 L ——L=0.5204679E+02 mm || .
I — L=0.1017436E+03 mm | | The loss factor and the energy spread of a Gaussian bunch

L=0.2218260E+03 mm |_| ; H ; H
L=0.4016560E+03 mm| | in a cylindrical, rough waveguide are

—— L=0.8900125E+03 mm | ZO

C
] kioss = WH(]C()O'Z), and AE =

200

150 Zoc

2ma?

100 L A(k()O’Z) (5)
50 - § They are inversely proportional to the cross-section of
; ] the wave guide. In case of an elliptical waveguide the wave

0 100 200 300 400 500 60O 700 number and the loss factor are

0

Frequency f (GHz)
B=r220 b= o Hko,) (6
Figure 2: Time development of the spectrum of the rf-wake | case of a rectangular waveguide they are
field pulse created by 2560um bunch in a tube with 5mm ) 2a+b Zoc
radius and an rms roughness deptBs@im. ko=f5—3  Koss =g Hkoo:)  (7)

a and b are the semi-axes of the elliptical or half the

The bandwidth of the rf-pulse is decreasing with the tUbﬁlidth of the rectangular waveguide respectively

length. Fig 2 shows the development of the frequency spec-

trum. . .
2.4 3D-Wake Field Calculations
1) 11 V) V)
2.2 Normalized Description - m
(
1.0 = ‘)-
0.02 L'i )
[ Lkirk
08 ¢ Beam Direction
06 L Figure 4: Surface structures of a rectangular waveguide
3 used for 3dimensional wake field calculation. 1.) irises, Il.)
04 | s E B 7 o cubes, Il1.) shifted cubes IV.) chequered and V.) 2 periods.
—_ IEossfacéor HdA
02 | B In order to check the model many 2-dimensional calcu-
lations were performed up to this point of time. Now the
00 ‘ ‘ results of 3-dimensional calculations are presented to show
o 1 2 3 4 the validity. Common to all computations is the use of a
k.0 guadratic waveguide with 2mm width, only to verify Eq. 7
Figure 3: Loss factor H and energy spreaddue to the waveguides with arbitrary aspect ratio are used. The struc-
rough tube mode in normalized description. ture depth as well as the bunch length are;i0Schemat-

ics for the used surface structures can be seen on Fig. 4.
Introducing a normalized description, the loss factor i$Jnless otherwise noted, the width of one gap or one iris is
[3]: 100um too.
H(koo.) = e—(koaz)g. (3) The wake fields show the same sine-like behaviour as
_ _in the 2-D case. The calculated loss factors and energy
It gives the energy transported by the rf-wave travelingpreads (Fig. 5) principally follow the course of the theo-
along the tube. The normalized energy spread is: retical values (Fig. 3, turquoise curves in Fig. 5). Using the
) 22 "2 period structure” (Fig. 4.V) the wake field is partly com-
9 1 o - —2(koo.)? pensated (Diamonds on Fig. 5). But if the period length be-
A%(koo=) = Nor /_c><> Wo (koosz)e 2 dz—e (Fao) comes shorter in comparison to the bunch length, the wake
(4) follows the curve again.
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Figure 6: Scheme of the Roughness Wakefield Experiment.
The bunch travels through a tube with artificially increased

roughness. The rf-pulse, which accompanies the bunch is
partially reflected out by an OTR-screen and guide to a de-
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Table 2. Beam Measurements:
spread per 1m rough tube at 240MeV.

up for a single shot mode. The expected values for the on
the beam rf-wake field pulse are given in Tab. 3.

loss factor and energy

wave | guide

Figure 5. Comparison of loss factor and energy spread g

3D calculations to theoretical values. The star marks thé
2D result for irises in a rectangular waveguide. The curves
are a sector of Fig. 3

f Tube a=4mm, a=3.3mm,
0 =50pum | 6 =T75um
ko, 1.118 1.005
Loss Facto kﬁv] 322 602
Rel. Energy spreag” | 1.4x10=% | 2.05x10~?

3 THE EXPERIMENT

One possibility to measure the surface roughness wake
field effect is the measurement of the energy spread an

Table 3: RF-wake field pulse per 1m rough tube

the energy loss directly with the beam. Another possibility
is to guide the rf-fields to an appropriate detector, where

the frequency spectrum is measured. However the distinct
ness of the proof of the surface roughness wake fields doe
strongly depend on the tube length.

3.1 Proposal for Measurements at the TTF

Tube a=4mm, | a=3.3mm,
0 =50pm | 0 = 75um
Frequency [GHZz] 214 192
5 Pulse Duratiomr, [pms] 65 65
Pulse Energ;{%] 0.32 0.6
Pulse Power [kW] 4960 9260

Table 1: Parameters of the TESLA Test Facility beam

Bunch Lengthy . [m] > 250
Beam EnergyE, [MeV] | 240-390
Bunch Charge Q [nC] 1
Repetition Rate [Hz] 10
Bunch Spacingus] 0.111
Bunches per Bunch Train 1-7200

The parameters of the beam available at the TTF are
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